Studies on nuclear receptors of thyroid receptor beta and retinoid X receptors (1 and 2) in Schistosoma japonicum by 邱春辉
学校编码：10384                                分类号      密级       
学号：21720090153536                                      UDC       
 
 
博  士  学  位  论  文 
日本血吸虫核受体 THR beta、RXR1 和
RXR2 的研究 
Studies on nuclear receptors of thyroid receptor beta and 
retinoid X receptors (1 and 2) in Schistosoma japonicum  
 
邱春辉 
指导教师姓名：刘升发  教授 
              林矫矫  研究员 
专  业 名 称：动   物   学 
论文提交日期：2012 年 5 月 
论文答辩时间：2012 年 6 月 
学位授予日期： 
  
答辩委员会主席：           
评    阅    人：           
 





























































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 


















摘  要 ................................................... I 
英文摘要 ………………………………………………………………IV 
第一章 前言 .............................................. 1 
第一节 血吸虫与血吸虫病 .......................................... 1 
1.1 血吸虫的分类阶元 ............................................ 1 
1.2 血吸虫的种类 ................................................ 1 
1.3 血吸虫生活史 ................................................ 1 
1.4 血吸虫基因组结构 ............................................ 3 
1.5 全球和我国血吸虫病流行现状 .................................. 3 
1.6 我国血吸虫病防治策略 ........................................ 4 
第二节 血吸虫疫苗的研究 .......................................... 5 
2.1 传统疫苗 .................................................... 5 
2.2 新型疫苗 .................................................... 6 
第三节 核受体结构和功能的关系 ................................... 13 
3.1 核受体结构和功能关系的综述 ................................. 14 
3.2 核受体结构 ................................................. 15 
第四节 激素对血吸虫发育的影响 ................................... 20 
4.1 血吸虫和宿主激素 ........................................... 21 
4.2 血吸虫是否可以自身合成激素 ................................. 23 
4.3 激素调控基因的表达和蛋白磷酸化 ............................. 23 
第五节血吸虫核受体的研究进展 .................................... 27 
5.1 曼氏血吸虫核受体家族（NR）成员 ............................. 27 
5.2 日本血吸虫的核受体 ......................................... 31 
5.3 埃及血吸虫核受体 .......................................... 31 


















第二章  日本血吸虫甲状腺激素受体 BETA 的分子特性分析及其作为
抗血吸虫病疫苗候选分子的潜力评估 ........................ 32 
1 材料和方法 .................................................... 32 
1.1 材料 ....................................................... 32 
1.2 方法 ....................................................... 38 
2 结果 .......................................................... 57 
2.1 日本血吸虫甲状腺激素受体 beta 基因全长 cDNA 的获得与序列分析.. 57 
2.2 SjTHRb 基因结构分析......................................... 61 
2.3 SjTHRb 进化树分析........................................... 61 
2.4 SjTHRb 基因的期别差异表达分析............................... 62 
2.5 SDS-PAGE 分析蛋白表达情况................................... 63 
2.6 虫体免疫印迹分析 ........................................... 63 
2.7 EMSA 试验检测 SjTHRb-DBD 与半位点（Half-site）和 DR0 的结合... 64 
2.8 rSjTHRb-LBD 免疫保护效果评价................................ 65 
2.9 小鼠血清抗 rSjTHRb-LBD 特异性抗体检测 .................... ...66 
2.10 细胞因子分析 .............................................. 67 
3 讨论 .......................................................... 68 
第三章 日本血吸虫视黄酸受体 SJRXR1 的克隆、鉴定与特性分析…71 
1 材料和方法 .................................................... 72 
1.1 材料 ....................................................... 72 
1.2 方法 ....................................................... 72 
2 结果 .......................................................... 76 
2.1 日本血吸虫的 RXR1 序列分析 .................................. 76 
2.2 SjRXR1 进化树分析........................................... 78 
2.3 基因结构分析 ............................................... 79 
2.4 SjRXR1 基因的期别转录差异分析............................... 80 
2.5 SjRXR1 虫体免疫印迹分析..................................... 81 

















2.7 免疫印记检测 SjRXR1LBD-Myc 在 HeLa 细胞中的表达 .............. 83 
2.8 限制性蛋白水解消化试验 ..................................... 83 
2.9 HeLa 细胞表达 SjRXR1LBD-Myc 的比率和对其凋亡情况的检测....... 84 
3 讨论 .......................................................... 87 
第四章 日本血吸虫视黄酸 X 受体 2 全长 CDNA 的克隆及初步分析 91 
1 材料与方法 .................................................... 91 
1.1 材料 ....................................................... 91 
1.2 方法 ....................................................... 92 
2 结果与分析 .................................................... 94 
2.1 PCR 扩增结果................................................ 94 
2.2 全长 cDNA 的克隆及生物信息学分析 ............................ 94 
2.3 SjRXR2 基因在不同发育时期的转录水平分析..................... 96 
2.4 SjRXR2 基因结构分析 ........................................ 97 
2.5 Western blot ............................................... 97 
3 讨论 .......................................................... 98 
第五章 日本血吸虫谷氨酰胺合成酶分子克隆和功能初步研究 .. 100  
1 材料和方法 ................................................... 101 
1.1 材料 ...................................................... 101 
1.2 方法 ...................................................... 101 
2 结果分析 ..................................................... 104 
2.1 谷氨酰胺合成酶的序列分析 .................................. 104 
2.2 进化树分析 ................................................ 106 
2.3 RT-PCR 分析................................................ 107 
2.4 重组蛋白纯化和免疫印迹 .................................... 107 
2.5 SjGS 虫体蛋白的荧光定位.................................... 108 
2.6 rSjGS 活性测定............................................. 109 
2.7 吡喹酮处理对虫体 SjGS mRNA 表达的影响分析 .................. 110 

















第六章 总结与展望 ...................................... 113 
参考文献 ............................................... 114 


















Abstract in Chinese……………………………………………………I 
Abstract in English…………………………………………………IV 
Chapter 1 Introduction……………………………………………………1 
1 Schistosome and schistosomiasis………………………………………1 
1.1 Classification of schistosome……………………………………………1 
1.2 The type of schistosome………………………………………………….1 
1.3 The life cycle of schistosome………………………………………………….1 
1.4 Genome structure of schistosome……………………………………………3 
1.5 The epidemiological status of schistosomiasis ………………………….……3 
1.6 Prevention and cure of schistosomiasis in China………….………………….4 
2 Progress in anti-schistosomiasis vaccine…………………………….…………5 
2.1 Traditional vaccine……………………...…………………………………………5 
2.2 New type vaccine……………………………………………………………….6 
3 The relationship between the structure and function of nuclear receptors…13 
3.1 The overview of the structure and function of nuclear receptors……………….14 
3.2 The structure of nuclear receptors………………………………………………15 
4 The effect of hormone on Schistosome…………………………………………20 
4.1 Schistosome and host hormones…………………………………………………21 
4.2 Whether schistosomes synthesize endogenous hormones………...……………23 
4.3 Hormones regulation of gene expression……………..…………………………23 
5 Progress in nuclear receptor of Schistosome………………………………27 
5.1 The members of nuclear receptor in S. mansion……………………27 
5.2 The members of nuclear receptor in S. japonicum. . .……………31 
5.2 The members of nuclear receptor in S. haematobium...……………31 
5.4 The purpose and scientific significance of this study…………………………31 
Chapter 2 Molecular characterization of thyroid hormone receptor            

















vaccine candidate antigen against schistosomiasis in BALB/c   
mice……………………………………………………………………32 
1. Materials and Methods………………………………...………………………32 
1.1 Materials ………………………………………………………………………32 
1.2 Methods…………………………………………………………………………38 
2. Results  ……………………………………………………...…………………57 
2.1 The obtainment and Sequence analysis of S. japonicum thyroid hormone    
receptor beta…………………………………………………………………….........57 
2.2 Gene organization analysis of SjTHRb…………………………………………..61 
2.3 Phylogenetic analysis of SjTHRb……………………………………61 
2.4 RT-PCR of SjTHRb……………………………..……………………………62 
2.5 SDS-PAGE analysis of SjTHRb…………………………………………………63 
2.6 Western blot………………………………………………………………………63 
2.7 rSjTHRb DBD /HIS protein bind to Half-site and DR0 in vitro…………………64 
2.8 Protective immune efficacy induced by rSjTHRb-LBD…………………………65 
2.9 Specific antibodies detection by elisa……………………………………………66 
2.10 Cytokine analysis……………………………………………………………67 
3. Discussion………………………………………………………………………68 
Chapter 3 Identification and characterization of retinoid X receptor 
1(RXR1) homolog from S. japonicum………………………..71 
1. Materials and Methods………………………………...………………………72 
1.1 Materials ………………………………………………………………………72 
1.2 Methods…………………………………………………………………………72 
2. Results  ……………………………………………………...…………………76 
2.1 The obtainment and Sequence analysis of S. japonicum retinoid X receptor 1 …76 
2.2 Phylogenetic analysis of SjRXR1……………..…………………………………78 

















2.4 RT-PCR of SjRXR1……………………………..……………………………80 
2.5 Western blot………………………………………………………………………81 
2.6 Treatment of 35-day S. japonicum adult worm with ligand in vitro….………….82 
2.7 Western blot detect the expression SjRXR1LBD- Myc in Hela cells……………83 
2.8 Limited proteolytic digestion…………………….………………………………83 
2.9 Overexpression of SjRXR1LBD-Myc fusion protein inhibits apoptosis in Hela 
cells induced by 9-cis RA……………………………………………….....…………84 
3. Discussion………………………………………………………………………87 
Chapter 4: Identification and characterization of retinoid X receptor 
2(RXR2) homolog from S. japonicum…………………………91 
1. Materials and Methods………………………………...………………………91 
1.1 Materials ………………………………………………………………………91 
1.2 Methods…………………………………………………………………………92 
2. Results……………………………………………………...…………………94 
2.1 The results of PCR……………………………………………………… …94 
2.2 The obtainment and bioinformation analysis of SjRXR2…………………94 
2.3 RT-PCR of SjRXR2……………………………..……………………………96 
2.4 Gene organization analysis of SjRXR1…………………………………………..97 
2.5 Western blot………………………………………………………………………97 
3. Discussion………………………………………………………………………98 
Chapter 5 Molecular cloning and characterization of glutamine   
synthetase………………………………………………………100 
1. Materials and Methods………………………………...………………………101 
1.1 Materials ………………………………………………………………………101 
1.2 Methods…………………………………………………………………………101 
2. Results  ……………………………………………………...………………104 

















2.2 Phylogenetic analysis of SjGS……………...…………………………………106 
2.3 RT-PCR of SjGS……….……………………………..…………………………107 
2.4 Recombinant protein purification and Western blotting analysis…………...….107 
2.5 Localization of SjGS protein in schistosome…………….…………………108 
2.6 Kinetic characterizations of rSjGS……….…………………………...………109 
2.7 Expression of SjGS in worms from rabbits treated with praziquantel……….....110 
3. Discussion………………………………………………………………………110 





























药物靶标来重视。到目前为止，已有 21 个曼氏血吸虫核受体被鉴定，其中有 14
个核受体的全长 cDNA 已被克隆和研究,但还没有日本血吸虫的任何核受体成员












































2、日本血吸虫视黄酸 X 受体 1（SjRXR1）的克隆、鉴定与特性分析：本文
获得了一个编码日本血吸虫编码RXR1 (SjRXR1)的全长cDNA，其cDNA全长2806bp,
包含了一个可以编码 745 个氨基酸的开放阅读框。把 SjRXR1 与其他物种的 RXR
序列比对，显示其具有高度保守的 DNA 结合区，和一个中等保守的配体结合区
（LBD）。SjRXR1 的基因结构分析表明其由七个外显子和六个内含子组成，基因
总长约 18.4kb。 SjRXR1 的 mRNA 转录水平在 21 天和 35 天较高。体外培养日本
血吸虫 48 小时时，与对照组相比培养基中加入 5.0μM 9-cis RA 的虫体 SjRXR1
的 mRNA 和蛋白表达量均上调，结果显示，9-cis RA 和 SjRXR1LBD- Myc 结合，
可以阻滞胰酶对 SjRXR1LBD- Myc 蛋白的水解。流式细胞术分析显示，转染了
pCMV-SjRXR1LBD- Myc 质粒的 Hela 细胞，约有 11%的细胞能表达 SjRXR1LBD- Myc
蛋白。在 Hela 细胞中过表达的 SjRXR1LBD-Myc 蛋白，可以抑制该癌细胞内源性
的 9-cis RA 诱导凋亡的途径。本研究显示 SjRXR1LBD 可以与 9-cis RA 结合，
提示视黄酸信号途径可能在血吸虫生长发育中发挥重要作用。 
3、日本血吸虫视黄酸 X 受体 2（SjRXR2）全长 cDNA 的克隆及初步分析：采
用 RACE 技术获得了日本血吸虫 SjRXR2 蛋白全长编码 cDNA，长度为 5960bp, 其


















曼氏血吸虫 RXR2 有较高的相似性。Real time PCR 分析表明该基因在 21，42 日
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Schistosomiasis caused by parasitic blood flukes is one of the worldwide-spread 
zoonotic parasitic diseases. Even though praziquantel is highly effective in curing 
schistosomiasis, it still has its limitations that can not prevent high frequency of 
re-infection and remedy the existing impairment. Moreover, it is reported that 
praziquantel-resistant parasites have already emerged as a result of the large-scale 
control programs in place. Thus, identification of target proteins for the development 
of effective vaccines or the design of new drugs would make great contribution to the 
control of this disease. Schistosomes live in the vascular system of the host, where 
they feed on blood components and respond to molecular signals from the host to 
develop normally. The genomic information of Schistosoma japonicum suggests that 
the parasite can take advantages of hormone, growth factor from host to promote their 
development. Hormone and growth factor may perform their functions by nuclear 
receptors. The specificity of the ligand binding by these receptors, and the opportunity 
thus afforded to intervene in biochemical pathways in a very precise manner has 
meant that these proteins are increasingly viewed as promising drug targets. To date, 
21 NRs of S. mansoni have been identified. Among these S. mansoni NRs, the 
full-length cDNA of 14 NRs have been isolated and studied. However, none of 
full-length of S. japonicum NR members has been reported or characterized.  
In this paper, three nuclear receptors and one enzyme genes including thyroid 
hormone receptor beta (SjTHRb); retinoid X receptor 1(SjRXR1); retinoid X receptor 
2(SjRXR2); glutamine synthetase (SjGS) were cloned from the S. japonicum and 
characterizations were also described. 
1. Molecular characterization of thyroid hormone receptor beta from S. 
japonicum and assessment of its potential as vaccine candidate antigen against 
schistosomiasis in BALB/c mice：The SjTHRb cDNA was cloned, verified by 5’ and 
3’ Rapid Amplification of cDNA Ends (RACE) and shown to be polyadenylated at 
the 3’end, suggesting the transcript is full-length. SjTHRb is homologous to thyroid 

















domain and ligand binding domain that normally characterizes these receptors. A 
comparative quantitative PCR analysis showed that SjTHRb was highest expressed in 
21-day（D） worms and lowest in 7-day and 13-day schistosomulum. The cDNA 
corresponding to DNA binding domain (SjTHRb-DBD) and ligand binding domain 
(SjTHRb-LBD) were cloned and subsequently expressed in Escherichia coli. The 
expressed proteins were used to immunize mice and generate specific serum against 
SjTHRb. Western blotting revealed that anti-rSjTHRb-LBD serum recognized two 
protein bands in extracts from 21 D worm with molecular sizes of approximately 95 
kDa and 72 kDa. Electrophoretic mobility shifit assay (ESMA) analysis showed that 
rSjTHRb-DBD could bind to a conserved DNA core motif. Immunization of BALB/c 
mice with r SjTHRb-LBD could induce partial protective efficacy（27.52% worm 
reduction and 29.50% liver eggs reduction ） against schistosome infection. 
Enzyme-linked immunosorbent assay showed that mice vaccinated with recombinant 
SjTHRb-LBD generated increased levels of specific IgG, IgG1 and IgG2a antibody. 
Bio-plex analysis demonstrated that rSjTHRb-LBD induced considerably higher 
levels of T helper 1 cytokines (IL-2, IL-12 and TNF-a) than T helper 2 cytokines 
(IL-10, IL-4), suggested that rSjTHRb-LBD vaccination could stimulate a mixed 
Th1/Th2 types with Th1 dominant immune responses. Our study presented here 
identified SjTHRb as a new schistosome thyroid hormone receptor that might play an 
important role in host-parasite interaction and be a promising vaccine candidate for 
schistosomiasis. 
2. A retinoid X receptor (RXR1) homolog from S. japonicum: its ligand- 
binding domain binds to 9-cis RA：A full-length cDNA encoding RXR, an 
orthologue of SmRXR1, in platyhelminth S. japonicum (SjRXR1) was indentified and 
characterized. The SjRXR1 cDNA is 2806bp long and contains an open reading frame 
encoding a 745 amino acid. Alignment of the deduced SjRXR1 protein sequence with 
RXR from other species revealed a highly conserved DNA binding domain (DBD) 
and moderate conserved ligand binding domain (LBD). Gene structure of SjRXR1 
was analyzed and showed it consisting of seven exons spanning 18.4kb. The relative 
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